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1
SPRING FORMING MACHINE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present disclosure relates to a spring forming
machine that brings a wire fed from a wire feeder into
contact with a forming tool to form a coil spring surrounding
a cored bar.

(2) Description of Related Art

Conventionally, as this type of spring forming machine,
there has been known a spring forming machine in which a
lifting base that supports a cored bar 1s liftably attached to
a fixing base to which a slide mechanism that supports a
forming tool and a wire feeder are attached. In addition, 1n
this spring forming machine, a pair of lifting mechanisms
that support each of a cutting tool for separating the coil
spring from the remaining wire and a pitch tool for expand-
ing the space between coils of the coil spring 1n a liftable

manner are also mounted on the lifting base (see JP 2812432
B2 (FIG. 3, paragraphs [0025] and [0053]), for example).

SUMMARY OF THE INVENTION

Incidentally, 1n a general spring forming machine, posi-
tions of movable parts such as a forming tool, a pitch tool,
a cutting tool, and a cored bar may be individually adjusted
by servo motors that are driving sources of the movable
parts. However, 1in the above-described conventional spring
forming machine, when the cored bar 1s moved by individual
adjustment, the pitch tool 1s also moved accordingly, so that
it takes time and eflort to perform the individual adjustment.
In view of the foregoing, the present disclosure provides a
spring forming machine capable of easily performing indi-
vidual adjustment compared to the conventional technology.

A spring forming machine according to one aspect made
to solve the above problem 1s a spring forming machine in
which a wire fed from a wire feeder along a horizontal wire
teeding line 1s brought into contact with a forming tool so as
to be formed 1nto a coil spring surrounding a cored bar, a
pitch tool for expanding a space between coils of the coil
spring 1s mserted between the coils of the coil spring from
one side 1n a vertical direction with respect to the coil spring,
and a cutting tool for separating the coil spring from a
remaining wire approaches and separates from the coil
spring from an other side in the vertical direction with
respect to the coil spring, the spring forming machine
including: a forming tool slide mechanism including a slider
to which the forming tool 1s fixed, the slider being supported
to be linearly movable 1n a direction inclined with respect to
the wire feeding line; a first lifting mechanism including a
slider to which the pitch tool 1s fixed, the slider being
supported to be liftable on one side 1n the vertical direction
with respect to the cored bar; a second lifting mechanism
including a slider to which the cutting tool 1s fixed, the shider
being supported to be liftable on the other side 1n the vertical
direction with respect to the cored bar; a fixing base to which
the wire feeder and the forming tool slide mechamsm are
attached; a lifting base that 1s liftably supported by the fixing
base, and to which the cored bar, the first lifting mechanism,
and the second lifting mechanism are attached; a plurality of
servo motors that are drive sources of the wire feeder, the
forming tool slide mechanism, the first lifting mechanism,
the second lifting mechanism, and the lifting base; a con-
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troller that controls the plurality of servo motors; an indi-
vidual drive control unit that 1s provided 1n the controller and
individually drives each of the servo motors corresponding
to an operation of an operation unit; and an interlocking
control unit that, when the servo motor of the lifting base 1s
individually operated, interlocks the servo motors of the
lifting base and the first lifting mechanism so that the shider
of the first lifting mechanism 1s not lifted and lowered with
respect to the fixing base by lifting and lowering of the
lifting base with respect to the fixing base, and, when the
servo motor of the first lifting mechanism 1s 1dividually
operated, does not interlock the servo motors of the lifting
base and the first lifting mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of a spring forming machine
according to a first embodiment of the present disclosure;

FIG. 2 1s a cross-sectional side view of the spring forming,
machine;

FIG. 3 1s a partially enlarged front view of the spring
forming machine;

FIG. 4 1s a partially enlarged cross-sectional planar view
of the spring forming machine;

FIG. § 1s a partially enlarged cross-sectional planar view
of the lifting base;

FIG. 6 1s a perspective view of a cored bar, a pitch tool,
and the like of the spring forming machine;

FIG. 7 1s a conceptual diagram of a controller;

FIG. 8 1s a block diagram of an individual drive control
unit; and

FIG. 9 1s a block diagram of a program editing unit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

Heremnaftter, a spring forming machine 10 according to an
embodiment of the present disclosure will be described with
reference to FIGS. 1 to 9. As illustrated 1n FIG. 1, the spring
forming machine 10 includes a plate-shaped fixing base 11
that stands vertically. Hereinaiter, the horizontal direction,
which 1s the plate thickness direction of the fixing base 11,
will be referred to as “front-rear direction H1”, the horizon-
tal direction orthogonal thereto will be referred to as “lateral
direction H2”, “left side when the fixing base 11 1s viewed
from the front” will be simply referred to as “left”, and the
opposite side will be simply referred to as “right”.

The spring forming machine 10 includes a wire feeder 12
on the left side at the substantially vertical center of the
fixing base 11. The wire feeder 12 feeds a wire S (see FIG.
6) along an 1imaginary wire feeding line L1 extending in the
lateral direction H2 1n parallel with a front surface of the
fixing base 11. The wire feeder 12 includes two pairs of
teeding rollers 13 arranged symmetrically above and below
the wire feeding line L1. The feeding rollers 13 are each
fixed to a front end part of a rotating shaft (not illustrated)
penetrating the fixing base 11 in the front-rear direction H1.
The rotating shafts are geared behind of the fixing base 11,
so that the upper and lower feeding rollers 13 rotate sym-
metrically. The feeding rollers 13 are rotationally driven by
receiving power from a servo motor 90 (see FIG. 7) pro-
vided behind of the fixing base 11 through the rotating
shafts, and the wire S 1s fed from the lett side to the right side
in FIG. 1 along the wire feeding line L1. The feeding
amount, feeding speed, and the like of the wire S can be
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changed as desired by position control by the servo motor
90. Note that the wire S can also be pulled back 1n the
direction opposite to the feeding direction.

A guide member 14 1s provided on the right of the pair of
feeding rollers 13 on the downstream side 1n the feeding
direction. As illustrated in FIG. 6, the guide member 14
includes a quill 14 A protruding toward the downstream side
in the feeding direction, and a guide hole 14G extending
along the wire feeding line L1 penetrates the quill 14A. A
pair of forming tools 31 abut on the wire S fed from a tip end
part of the quill 14A to form a coil spring W1.

As 1llustrated 1n FIG. 6, the pair of forming tools 31 have,
for example, a prismatic shape, and extend in directions 1n
which the wire feeding line L1 on the downstream side of
one point on the wire feeding line L1 1s inclined clockwise
and counterclockwise by approximately 45 degrees. A lon-
gitudinal groove 31M 1s formed on a tip end surface of each
forming tool 31. The wire S 1s brought 1nto contact with an
iner surface of the longitudinal groove 31M of each form-
ing tool 31 so as to be in shiding contact with the inner
surtace, whereby the coil spring W1 (FIG. 6 illustrates only
part of the coil spring W1) i1s formed as described above.

As 1illustrated 1n FIG. 1, a pair of forming tool slide
mechanisms 40 supporting the pair of forming tools 31 are
attached to the front surface of the fixing base 11. The pair
of forming tool slide mechanisms 40 each include, for
example, a band-shaped base plate 50. The pair of base
plates 50 are separated vertically, and are fixed to the front
surface of the fixing base 11 1n an overlapping manner 1n a
posture 1 which the longitudinal directions of the base
plates 50 are inclined with respect to the wire feeding line
L1.

One end parts of the base plates 50 on the side far from
the wire feeder 12 protrude from the fixing base 11, and
servo motors 93 and 94 are attached to the one end parts. A
slider 53 that slides 1n the longitudinal direction 1s provided
on a front surface of each base plate 50, and the forming tool
31 1s fixed to each slider 53. The servo motors 93 and 94 and
the slider 53 are connected through a crank mechanism, and
cach forming tool 31 1s movable to an any desired position
in the longitudinal direction of the base plate 50 (direction
inclined with respect to wire feeding line 1) by position
control by the servo motors 93 and 94.

In the present embodiment, the power transmission
mechanism of the pair of forming tool slide mechanisms 40
to which the forming tools 31 are attached 1s the same as a
first lifting mechanism 41 and a second lifting mechanism
42 to be described later. Hence, the same reference numerals
are given except for the reference numerals of the servo
motors as the drive sources thereof, and the power trans-
mission mechanism will be described later only with respect
to the first lifting mechanism 41. Note that the pair of
forming tool slide mechanisms 40 and the later-described
first lifting mechanism 41 and second lifting mechanism 42
may be different power transmission mechanisms.

As 1llustrated 1n FIG. 3, 1n order to cut the coil spring W1
from the remaining wire S, a cored bar 32 1s disposed 1nside
the coil spring W1, and for example, a cutting tool 34 that
cuts the wire S 1n cooperation with the cored bar 32 1is
provided above the cored bar 32. For example, a pitch tool
33 for changing as required, the pitch between the coils of
the coil spring W1 1s provided below the cored bar 32. A
mechanism that supports the cored bar 32, the pitch tool 33,
and the cutting tool 34 1s attached to a lifting base 135 liftably
provided on the front surface of the fixing base 11.

As 1llustrated 1 FIG. 1, the lhifting base 135 has, for

example, a plate shape extending 1n the vertical direction,
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and 1s placed on the front surface of the fixing base 11. In
order to support the lifting base 15, for example, a pair of
guide rails 56 are fixed to the front surface of the fixing base
11 respectively on the upper and lower sides of the wire
feeding line L1. The guide rails 56 extend from upper and
lower end parts of the fixing base 11 to the vicinity of the
vertical center of the fixing base 11, and are disposed, for
example, on both sides of a vertical line (not illustrated)
passing through a front end part of the quill 14A. On a rear
surface at both end parts in the vertical direction of the
lifting base 15, sliders 56S fixed to both end parts in the

lateral direction H2 are slidably engaged with the guide rails

56.

Note that an entire left side part of the lifting base 135
except for both end parts 1n the vertical direction 1s removed
in order to avoid interference with the feeding roller 13 and
the guide member 14, for example. As illustrated 1n FIG. 5,
for example, stepped parts 15A extending 1n the vertical
direction are formed to be recessed at both end parts 1n the
lateral direction H2 of the rear surface of the lifting base 15,
and the sliders 36S are received 1n the stepped parts 15A.

As 1llustrated 1n FIG. 1, the fixing base 11 1s supported by,
for example, a plurality of support legs 11K from below, and
a drive unit for lifting and lowering the lifting base 15 1s
provided 1n a space below the fixing base 11 formed by the
support legs 11K. Specifically, as illustrated 1n FIG. 2, for
example, a ball screw 60 extends downward from a lower
end part of the lifting base 15, and a ball nut umt 61
incorporating a ball nut (not illustrated) screwed to the ball
screw 60 1s fixed to a bracket 11F suspended from the fixing
base 11. The ball nut 1s rotatably supported in the ball nut
unmit 61, and has a gear part on an outer surface. An end part
of a worm gear 62 meshing with the gear part protrudes from
the outer surface of the ball nut unit 61, and a rotation output
part of a servo motor 95 supported by the bracket 11F 1s
connected thereto. As a result, the lifting base 15 1s moved
to an any desired position 1n the vertical direction.

As 1llustrated in FIGS. 2 and 4, 1n a part of the {ixing base
11 covered by the lifting base 15 from the front, for example,
a long hole 11A penetrating the fixing base 11 in the
front-rear direction H1 and extending 1n the vertical direc-
tion 1s formed. A through hole 15B penetrating in the
front-rear direction H1 1s formed at the substantially vertical
center of the lifting base 15. A support sleeve 64 penetrates
the through hole 15B and protrudes frontward from the

lifting base 15, and 1s fixed to the lifting base 135. A slider 65

1s accommodated in the support sleeve 64 so as to be
movable 1n the front-rear direction H1, and the cored bar 32
1s fixed to the slider 65 and protrudes frontward.

As 1llustrated in FIG. 4, a rear end part of the slider 65
protrudes, for example, to the rear side of the lifting base 15,
and 1s provided with a pin 65P extending in the lateral
direction H2. Furthermore, a bracket 64F protrudes from the
rear surface of the lifting base 15 to a position behind the
fixing base 11 through the long hole 11A, and a crank
member 66 1s fixed to a rotation output part of a servo motor
96 with a speed reducer 96G attached to the bracket 64F. A
crank shaft 66S provided at a position offset from the
rotation center of the crank member 66 and the pin 65P of
the slider 65 are connected by a link bar 67 to form a crank
mechanism. As a result, the cored bar 32 1s movable to an
any desired position in the front-rear direction H1 according
to position control by the servo motor 96. When the lifting
base 15 1s driven 1n the vertical direction by the servo motor
95 as described above, the cored bar 32 1s moved to an any
desired position 1n the vertical direction as well. That 1s, the
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position of the cored bar 32 1s controlled by the servo motors
95 and 96 1n the vertical direction and the front-rear direc-
tion H1, respectively.

As 1llustrated 1n FIG. 2, for example, a through hole 15C
penetrates, in the front-rear direction H1, a lower end part of
the lifting base 15. A servo motor 91 with a speed reducer
51 1s fixed to the lifting base 135 1n a state of penetrating the
through hole 15C and the long hole 11 A. A crank member
52 1s fixed to a rotation output part at the front end of the
servo motor 91. Further, for example, on the front surface of
the lifting base 15, a guide rail 55 extending from a position
near the lower end to a position 1n the vicinity of the lower
side of the support sleeve 64 1s fixed, and the slider 53 1s
slidably engaged with the guide rail 55. A pin 53P attached
to the slider 33 and a crank shaft 52S provided 1n a position
oflset from the rotation center of the crank member 52 are
connected by a link bar 54 to form the first lifting mecha-
nism 41 including a crank mechanism.

On the upper side of the support sleeve 64 1n the lifting
base 15, a second lifting mechanism 42 having the same
structure as the first lifting mechanism 41 1s provided, for
example, symmetrically with the first lifting mechanism 41.
The pitch tool 33 1s fixed to an upper end part of the slider
53 of the first lifting mechanism 41 and protrudes upward,
and the cutting tool 34 1s fixed to a lower end part of the
slider 53 of the second lifting mechanism 42 and protrudes
downward. The pitch tool 33 1s movable to an any desired
position 1n the vertical direction by the servo motor 91 which
1s a drive source of the first lifting mechanism 41, and the
cutting tool 34 1s movable to an any desired position 1n the
vertical direction by a servo motor 92 which 1s a drive source
of the second lifting mechanism 42.

As 1llustrated 1n FIG. 6, the cored bar 32 has, for example,
a structure 1 which a semicircular columnar body having a
semicircular cross section extends from the tip end of a
prismatic body, and 1s disposed such that a flat side surface
of the semicircular columnar body faces the quill 14A side.
The cutting tool 34 has, for example, a shape 1n which a tip
end part of a prism 1s cut so as to be inclined with respect
to the vertical direction. The cutting tool 34 1s disposed so
that when the cutting tool 34 1s lowered, a surface of the
cutting tool 34 opposite to the inclined surface overlaps with
the flat side surface of the semicircular columnar body of the
cored bar 32. As a result, the wire S 1s sandwiched between
the cored bar 32 and the cutting tool 34 to be cut, and the coil
spring W1 1s cut from the remaining wire S.

The pitch tool 33 has, for example, a structure 1n which a
tip end part of a prism having a rectangular cross section 1s
cut so as to be inclined with respect to the vertical direction,
and an edge part along the cut oblique side 1s cut even further
so as to have a wedge-like cross section. In the present
embodiment, the pitch tool 33 1s disposed, for example, such
that its cut inclined surface faces away from the quill 14A.
The pitch tool 33 expands the pitch between the coils 1n the
coil spring W1. The pitch 1s changed according to the
amount by which the pitch tool 33 1s inserted between the
coils of the coil spring W1.

FIG. 7 conceptually 1illustrates a controller 70 of the
spring forming machine 10. The controller 70 includes servo
amplifiers 90A to 96 A of the plurality of servo motors 90 to
96 described above, a control unit 71 that gives command
values to the servo amplifiers 90A to 96 A, and a console 72
connected to the control unit 71. The control unit 71 includes
a microcomputer 71A and a storage unit 71B. The storage
unit 71B stores a plurality of operation programs for manu-
facturing a plurality of coil springs W1 having different
specifications, and an operation program 1s executed as
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6

required by the microcomputer 71 A as a “program execution
umt” to form the coil spring W1.

Specifically, each operation program 1includes, for
example, a plurality of pieces of target position data for the
servo motors 90 to 96, and the servo motors 90 to 96 are
driven so that the positions of the feeding roller 13, the
lifting base 15, the forming tool 31, the cored bar 32, the
pitch tool 33, and the cutting tool 34 (hereinaiter collectively
referred to as “forming movable part™) change to positions
specified by the target position data. The controller 70 1s
switchable between a continuous operation mode and a
manual operation mode, for example. A plurality of coil
springs W1 are continuously formed by repeatedly execut-
ing an operation program by the microcomputer 71A 1n the
continuous operation mode. The controller 70 can also be set
to the manual operation mode to cause the microcomputer
71A to execute an operation program to stop the coil spring
W1 1in an any desired state while forming.

In the manual operation mode, for example, each servo
motor 90 to 96 can be individually operated by the console
72 to create target position data by teaching. That 1s, when
the feeding roller 13, the forming tool 31, the cored bar 32,
the pitch tool 33, and the cutting tool 34 are moved to any
desired positions and stopped by the individual operation of
the servo motors 90 to 96, the storage button of the console
72 1s turned on. With this, the detected positions of rotation
position sensors of the plurality of servo motors 90 to 96 at
the stopped positions can be stored (taught) as a plurality of
pieces ol target position data constituting a target position
data set. Then, an operation program can be created by
setting the speed and acceleration for moving to the teaching
point specified by the target position data set by program
editing using the console 72.

After the operation program 1s created, the operation
program 1s actually executed in the manual operation mode
to form the coil spring W1. The program 1s edited so that the
difference between the coil spring W1 and the specification
talls within an allowable value. Specifically, for example, a
desired target position data set 1s selected by the operation
program, and desired target position data of the target
position data set 1s changed by inputting a specific numerical
value using the console 72. Then, program editing 1s per-
formed such that the difference between the actually formed
coil spring W1 and the specification falls within the allow-
able value. Additionally, another operation program {for
forming a coil spring W1 with a diflerent coil diameter can
be created by copying an existing operation program and
then changing desired target position data to obtain a new
target position data set, for example.

Here, as described above, when the servo motor 90 to 96
1s 1dividually operated, the controller 70 functions as an
individual drive control unit 70A illustrated 1n the block
diagram of FIG. 8, and when program editing 1s performed,
the controller 70 functions as a program editing unit 70E
illustrated 1in the block diagram of FIG. 9.

As 1llustrated 1n FIG. 8, 1n the individual drive control unit
70A, for example, when an any desired forming movable
part 1s selected by the operation of a selective operation unit
72A of the console 72 and a movement operation button 72B
of the console 72 for designating the operation direction 1s
pressed, a dnve command unit 70C drives the servo motor
90 to 96, so that the selected forming movable part moves
at a predetermined speed set in advance 1n the designated
direction while the movement operation button 72B 1is
pressed. For example, when the pitch tool 33 1s selected as
the forming movable part and the servo motor 91 serving as
the drive source of the pitch tool 33 1s individually operated,
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the pitch tool 33 1s selected by the selective operation unit
72A and the operation button 72B for moving upward or
downward movement 1s pressed while viewing a monitor
72G provided 1n the console 72. Then, a command 1s given
from the drive command unit 70C to the servo amplifier 91A
so that the servo motor 91 is driven to move the pitch tool
33 upward together with the slider 33 of the first lifting
mechanism 41 at a predetermined speed only while the
movement operation button 72B 1s pressed. While the servo
motor 91 for moving the pitch tool 33 1s driven, the other
servo motors 90 and 92 to 96 are maintained 1n a stopped
state. The same applies to the case of individually operating
the servo motors 90, 92, 93, 94, and 96 of other forming
movable parts other than the servo motor 95 of the lifting

base 15.

On the other hand, for example, when the servo motor 95
of the lifting base 135 1s individually operated to change the
vertical position of the cored bar 32, the operation 1itself of
the servo motor 95 of the lifting base 15 1s controlled in the
same manner as when the servo motor 91 of the pitch tool
33 15 individually operated. In addition, 1n order to prevent
the pitch tool 33 from moving with respect to the fixing base
11 together with the lifting base 15, an interlocking control
unit 70B included 1n the individual drive control unit 70A
interlocks the servo motor 91 serving as the drive source of
the pitch tool 33, with the servo motor 95 serving as the
drive source of the lifting base 15. As a result, the pitch tool
33 moves with respect to the lifting base 15 at a predeter-
mined speed in the direction opposite to the upward or
downward movement of the lifting base 15.

That 1s, the interlocking control unit 70B of the present
embodiment 1s configured to interlock the servo motors 91
and 95, so that the slider 33 of the first lifting mechanism 41
1s not lifted and lowered with respect to the fixing base 11
along with lifting and lowering of the lifting base 15 with
respect to the fixing base 11 when the servo motor 95 of the
lifting base 15 1s individually operated, and not to interlock
the servo motors 91 and 95 when the servo motor 91 of the
first lifting mechanism 41 1s individually operated. Since the
interlocking control unit 70B 1s provided, the spring forming
machine 10 of the present embodiment can easily perform
individual adjustment of the forming movable parts by the
plurality of servo motors 90 to 96.

As described above, 1n the spring forming machine 10 of
the present embodiment, the positions of the movable parts
such as the forming tool 31 and the pitch tool 33 can be
individually adjusted by the individual operation of the
plurality of servo motors 90 to 95 which are drive sources
thereol. Here, 1n the spring forming machine 10 of the
present embodiment, the first lifting mechamsm 41 that
supports the pitch tool 33 1s attached to the lifting base 15
that supports the cored bar 32. However, when the servo
motor 95 of the lifting base 15 1s mndividually operated, the
servo motors 91 and 95 of the lifting base 15 and the first
lifting mechanism 41 are interlocked, so that the slider 33 of
the first lifting mechanism 15 1s not lifted and lowered with
respect to the fixing base 11 along with lifting and lowering
of the lifting base 15 with respect to the fixing base 11.
Hence, the conventional problem does not occur. Further-
more, when the servo motor 91 of the first lifting mechamism
41 1s individually operated, the servo motors 91 and 95 of
the lifting base 15 and the first lifting mechanism 41 are not
interlocked. Hence, the problem that the position of the
cored bar 32 1s changed along with the change 1n the position
of the pitch tool 33 does not occur. As a result, the spring
forming machine 10 of the present embodiment can perform
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individual adjustment of the position of the movable parts by
the plurality of servo motors 90 to 96 easily, compared to the

conventional technology.

As 1llustrated 1n FIG. 9, 1n the program editing unit 70E,
when an operation program and a desired target position data
set included 1n the operation program are selected by the
operation of a file data selection unit 72E of the console 72,
for example, a data intake unit 70H takes the selected target
position data set into a data set table 70T and displays a
plurality of pieces of target position data included in the
target position data set on the monitor 72G. Then, when the
target position data of the servo motor 90 to 96 serving as a
drive source of a desired forming movable part, 1s selected
by the selective operation unit 72A and numerical data 1s
input by a numerical value mnput unit 72D, the target position
data 1s changed to the mnput numerical data by a data update
unit 70P and stored 1n the storage unit 71B.

Here, when the target position data of the servo motors 90,
91, 92, 93, 94, and 96 of forming movable parts other than
the servo motor 95 of the lifting base 135 1s selected and
changed, only the selected target position data 1s changed.
On the other hand, when the target position data of the servo
motor 95 of the lifting base 15 1s selected and changed in
order to change the vertical position of the cored bar 32, 1n
addition to the change of the target position data of the servo
motor 95, the change of the position of the lifting base 15
with respect to the fixing base 11 due to the change of the
target position data of the servo motor 95 will change the
position of the pitch tool 33 mounted on the lifting base 1
with respect to the fixing base 11. To avoid such a change in
the position of the pitch tool 33, an interlocking change unit
70F changes the target position data of the servo motor 91
of the first lifting mechanism 41 1n conjunction with the
target position data of the servo motor 95 of the lifting base
15. Since the interlocking change unit 70F 1s provided, the
spring forming machine 10 of the present embodiment
facilitates editing work of the operation program.

Note that in the spring forming machine 10 of the present
embodiment, the winding direction of the coil spring W1 can
be reversed by disposing the forming tool 31 and the cored
bar 32 below the wire feeding line L1, attaching the cutting
tool 34 to the first lifting mechanism 41, and attaching the
pitch tool 33 to the second lifting mechanism 42. This
increases variations in the type of the coil spring W1 that can
be formed. In a case where the cutting tool 34 1s attached to
the first lifting mechanism 41 and the pitch tool 33 1s
attached to the second lifting mechanism 42, the above-
described control 1s performed with the lifting mechanism of
reference numeral 42 to which the pitch tool 33 1s attached
serving as the “first lifting mechanism” and the lifting
mechanism of reference numeral 41 to which the cutting tool
34 1s attached serving as the “second lifting mechanism”.

Second Embodiment

In a spring forming machine 10 of the present embodi-
ment, 1n an operation program, origin position data 1s set for
cach forming movable part, and target position data of each
forming movable part 1s specified by a displacement amount
based on the origin position data. As a result, by changing
any desired origin position data 1 a program editing unit
70E, the positions specified by all the target position data 1n
the operation program based on the origin position data are
changed at once. When the origin position data for a cored
bar 32, which i1s the reference of the target position data of
a servo motor 95 of a lifting base 135, 1s changed 1n order to
change the vertical position of the cored bar 32, an inter-
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locking change unit 70F changes the position data of the
origin position for a pitch tool 33, so that the position of the
pitch tool 33 with respect to a fixing base 11 does not change
together with a slider 53 of a first lifting mechanism 41 due
to the change in the position of the lifting base 15 with
respect to the fixing base 11. As described above, in the
spring forming machine 10 of the present embodiment, data
processing of canceling the lifting and lowering of the slider
53 of the first lifting mechanism 41 due to the change of the
target position data of the servo motor 95 of the lifting base
15 becomes ecasy.

Other Embodiments

(1) While the spring forming machine 10 of the first
embodiment includes the pair of forming tool slide
mechanisms 40 for using the pair of forming tools 31,
it 1s also conceilvable to use only one forming tool 31
with only one forming tool slide mechanism 40.

(2) The mechanism for converting the rotational output of
the servo motor 1nto linear motion described 1n the first
embodiment 1s not limited to the crank mechanism and
the ball screw mechanism described above, and may be
appropriately changed to a cam mechanism, a rack-
and-pinion mechanism, or the like.

Note that, while specific examples of the technology
included 1n the claims are disclosed 1n the present specifi-
cation and drawings, the technology described 1n the claims
1s not limited to these specific examples, and includes those
obtained by variously modifying and changing the specific
examples, and also includes those obtaimned by singly
extracting a part from the specific examples.

What 1s claimed 1s:

1. A spring forming machine, comprising:

a wire feeder that feeds a wire along a horizontal wire
feeding line;

a forming tool that forms the wire mto a coil spring
surrounding a cored bar;

a pitch tool that enters a space between coils of the coil
spring {rom one side 1n a vertical direction with respect
to the coil spring and expands the space between the
coils of the coil spring;

a cutting tool that approaches the wire from another side
in the vertical direction and cuts the wire, thereby
separating the formed coil spring from a remaining
portion of the wire;

a forming tool slide mechanism including a slider to
which the forming tool 1s fixed, the slider being sup-
ported to be linearly movable in a direction inclined
with respect to the wire feeding line;

a first lifting mechanism including a slider to which the
pitch tool 1s fixed, the slhider being supported to be
liftable on one side 1n the vertical direction with respect
to the cored bar;

a second lifting mechanism 1ncluding a slider to which the
cutting tool 1s fixed, the slider being supported to be
liftable on another side in the vertical direction with
respect to the cored bar;

a fixing base to which the wire feeder and the forming tool
slide mechanism are attached:

a lifting base that 1s liftably supported by the fixing base,
and to which the cored bar, the first lifting mechanism,
and the second lifting mechamism are attached;
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a plurality of servo motors that are drive sources of the
wire feeder, the forming tool slide mechanism, the first
lifting mechanism, the second lifting mechanism, and
the lifting base;

a controller that controls the plurality of servo motors;

an individual drive control unit that 1s provided in the
controller and individually drives each of the servo
motors corresponding to an operation of an operation
unit; and

an interlocking control unit that, when the servo motor of
the lifting base 1s individually operated, interlocks the
servo motors of the lifting base and the first lifting
mechanism so that the slider of the first lifting mecha-
nism 1s not lifted and lowered with respect to the fixing
base by lifting and lowering of the lifting base with
respect to the fixing base, and, when the servo motor of

the first lifting mechanism 1s individually operated,
does not 1terlock the servo motors of the lifting base
and the first lifting mechanism.

2. The spring forming machine according to claim 1,

further comprising;:

a storage unit that stores an operation program including
a plurality of target position data sets that are sets of
target position data of the plurality of servo motors;

a program execution unit that 1s provided in the controller
and executes the operation program to perform control
such that rotation axes of the plurality of servo motors
simultaneously reach positions of the plurality of pieces
of target position data included 1n each of the target
position data sets;

a program editing unit that 1s provided 1n the controller
and 1ndividually changes the plurality of pieces of
target position data included 1n the target position data
set corresponding to an operation of the operation unait;
and

an mterlocking change unit that, when the target position
data of the servo motor of the lifting base 1s changed by
the program editing unit, changes the target position
data of the servo motor of the first lifting mechanism 1n
conjunction with the target position data of the servo
motor of the lifting base so that a position of the slider
of the first lifting mechanism with respect to the fixing
base does not change due to a change 1n a position of
the lifting base with respect to the fixing base by the
change, and, when the target position data of the servo
motor of the first lifting mechanism 1s changed by the
program editing umt, does not change the target posi-
tion data of the servo motor of the lifting base in
conjunction with the change.

3. The spring forming machine according to claim 2,

wherein

the target position data of the servo motor of the first
lifting mechanism 1n the operation program 1s specified
by a displacement amount based on position data of a
preset pitch tool origin position, and

when the target position data of the servo motor of the
lifting base 1s changed by the program editing unit, the
interlocking change unit changes the position data of
the pitch tool origin position so that the position of the
slider of the first lifting mechanism with respect to the
fixing base does not change due to the change 1n the
position of the lifting base with respect to the fixing
base caused by the change of the target position data.
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